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Companies that do Green Chemistry!
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Provivi
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Why do we need pesticides?
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Credit: Wikimedia

• Pesticides of many different kinds 
are important for global food 
security.

• Pests of different kinds affect almost 
all staple foods around the world.

https://upload.wikimedia.org/wikipedia/commons/8/85/Tractor_Fertilize_Field_Pesticide_And_Insecticide.jpg
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What kind of pesticides are there?
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https://www.vecteezy.com/vector-art/11512357-types-of-pesticides-include-
herbicides-insecticides-fungicides-molluscicides-plant-protections-in-agriculture
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Insecticides
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• Insecticides are the kind of 
pesticides specialized to 
control the effects of 
insects.
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Neonicotinoids are broadband Insecticides

• While Neonicotinoids are 
broadspectrum insecticides, 
glyphosate is a broadspectrum 
herbicide (Round-Up).
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Pesticides and broadband, a big problem

• Pesticides that are broadly acting and are persistent are a 
special harm for entire ecosystems.

• Bee populations are suffering due to the widespread use of
different pesticides (not only insecticides).

Modern pesticides are developed with a focus on highly 
specific activity, low toxicities, and good 
degradability.
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Persistent pesticides are a real problem

Langenbach, Tomaz. “Persistence and Bioaccumulation 
of Persistent Organic Pollutants (POPs).” (2013).
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Persistent pesticides are a real problem

• Since pesticides are usually applied in vast areas, it is especially problematic if they are 
persistent and do not biodegrade easily.

• DDT and Chlorpyriphos are only two examples of persistent insecticides, so called 
Persistent Organic Pollutants (POPs).

Chlorpyriphos DDT



Green Chemistry Toolkit

Provivi's Approach
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Provivi's Approach

Credit: Provivi 

• The synthesis and application 
of the insect-(pest)-specific 
pheromone will mislead the 
male of finding the female 
insect.
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Provivi's Approach
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Paradigm Shift

Traditionally insecticides have been designed to kill a pest. In this
case it is different, since pheromones are applied to disrupt the
mating process and keep the population low by diminishing the
mating success.

15
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Pheromones

16Jacquin-Joly, Emmanuelle & Groot, Astrid. (2018). Pheromones, Insects. 

• Since pheromones are biosynthesized by 
the different organisms they are specified 
for/by, they are usually environmentally 
benign, non-persistent, and highly specific 
(meaning they act at relatively low 
concentrations, and only on the target 
organism).
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Structurally very different
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Pesticides are still almost exclusively of synthetic 
origin and some of them highly toxic, broadband, 
and structurally different than pheromones.
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Provivi uses Biocatalysis

• Biocatalysis is the approach that Provivi takes to
synthesize their pheromones. They use enzymes
that occur in nature (in microorganisms), study
promising initial activities for their syntheses and 
then gradually increase the enzymes activities
and selectivities to the desired level. This process
is called directed evolution and can have a 
profound impact on the way we 'make' things.
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Credit: Caltech

Frances Arnold

• Co-Founder of Provivi

• Nobel Prize in Chemistry 
2018 "Directed Evolution of 
Enzymes"
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...and directed Evolution

19https://lewis.lab.indiana.edu/directed-evolution/
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Discussion

• Do we really need pesticides?

• How can we design even more benign pesticides?

• What can we do as consumers?

• How can governments support these efforts?

20
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P2Science
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The complexity of
cosmetics
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Silicones and emollients are problematic
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Decamethylcyclopentasiloxan
e

• volatile reagent used in 
deodorants for skin feel

Polydimethylsiloxane/Dimethicones

• liquid additives often used in 
formulations of hair products
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Silicones and emollients are problematic
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Neither one was designed for degradability!
Both can cause problems for aquatic life.
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Silicones and emollients are problematic
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Most skincare and cosmetic products are ending up in the waterways and treatment plants
sooner or later. This increases the price for water treatment dramatically, and also causes
problems for the environment and our overal water quality.
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P2's Approach
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P2's Approach
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Important: these products are based on terpenes!
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So what are terpenes?
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More than 30,000 terpenes exist, 
most of them are produced by 
plants, especially by conifers and 
citrics.
They are all based on Isoprene!

Isoprene

> 600 million tons of 
isporene are emitted by 

plants each year
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So what are terpenes?
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Isoprene

> 600 million tons of 
isporene are emitted 
by plants each year

Myrcene

Menthol Limonene

Monoterpenes (n=2)

Humulone

Zingiberene

Cadinene

Sesquiterpenes (n=3)

Taxadiene

Labdane

Retinol

Diterpenes (n=4)
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And they are everywhere

By PRA - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid
=9038298
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And they are everywhere

https://www.ustires.org/whats-tire-0
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P2 Science's: Process Intensification

Although P2Science's processes are proprietary, they are based on 
the process intensification of terpene derivatizations.

Process Intensified Continuous Etherification (PICE ) Process Intensified Ozonolysis (PIOz )
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P2's Terpene-based polymers

Citropol® 1A

OO
H

HO

Citronellol

n

Polycitronellol

Citrolatum

Different grades of polymerization, 
i.e. different chain lengths, allow for 
the fine tuning of the mechanical 
and cosmetic properties. 
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Other terpene-based polymers

Zhao, J., Schlaad, H. (2011). Synthesis of Terpene-Based Polymers.
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Discussion

• What other steps could make cosmetics more benign?

• Can you imagine other biological feedstocks?

• What the consumer do?

• What is important to consider to protect our waters?

35



Thank You!
For questions, please reach out:

greenchemistry@yale.edu

https://www.globalgreenchem.com

https://www.chemistryforsustainability.org

https://greenchemistry.yale.edu/

Financed by:

Center for Green Chemistry & 
Green Engineering at Yale

Advance Science Catalyze 
Implementation

Raise Awareness
Prepare the next 

generation

Yale School of 
the Environment

Implemented by:Executed by:
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